Objective: To assess food and nutrient intakes and compliance with nutritional recommendations in pregnant women according to selected sociodemographic characteristics. Design: Cross-sectional study based on data from the INMA-Valencia cohort (Spain), which recruited pregnant women between 2004 and 2005. Information on maternal sociodemographics and anthropometry was collected. Dietary intake was assessed through an FFQ. Intakes of foods were compared with Spanish food-based dietary guidelines. Intake inadequacy for nutrients was assessed using the Dietary Reference Intakes of the US Institute of Medicine. Setting: Valencia, Spain. Subjects: We studied 822 pregnant women who had information on dietary intake during their first trimester of pregnancy. Results: More than 50 % of pregnant women did not meet the guidelines for cereals and legumes; reported intakes of carbohydrates, n-3 and n-6 fatty acids were below recommendations and exceeded the total fat intake according to dietary references. Dietary inadequacy for folate, Fe and vitamin E ranged from 99 % to 68 %. Vegetable intake was related to age only. Younger and less educated women showed lower intakes of protein and n-3 fatty acids and higher intakes of trans-fatty acids as well as greater inadequacy for micronutrients. Spanish women reported lower intakes of fruit and carbohydrates and higher intakes of protein, total fat, SFA, MUFA and n-3 fatty acids compared with their foreign-born counterparts. Conclusions: Women in the studied area have inadequate intakes of several nutrients relevant during pregnancy. Age, education and country of origin are factors significantly related to dietary intake and adequacy.
, and of maternal health problems such as pre-eclampsia (5) and gestational diabetes (6) . Moreover, nutrient intake during pregnancy has been related to cognitive development and allergic disorders in childhood (7, 8) .
Nutritional requirements increase during pregnancy in order to support fetal growth and the development of maternal tissue specific to reproduction (9) . This may lead to deep deficiencies of micronutrients such as Fe and folate, the recommended daily intakes of which are not usually achieved from food sources even in populations assumed to be well nourished (10) (11) (12) . As a result, recommendations on specific supplementation during pregnancy for these micronutrients have been formulated (13, 14) . On the other hand, it has been shown that recommended levels of other micronutrients are met by dietary intake from food in developed countries (12, 15, 16) , making supplementation unnecessary in some cases.
Neither the dietary intake of pregnant women in Mediterranean areas (17) (18) (19) (where diet is considered to be healthier than in other Western societies) nor their compliance with food-based dietary guidelines for pregnancy has been examined extensively (20) . Furthermore, *Corresponding author: Email rodriguez_claber@gva.es r The Authors 2012 from a global perspective, few studies have estimated total nutrient intakes in pregnant women taking into account food and supplements jointly (15, 19, 21) . Evaluating nutrient intakes from both food and supplements would reflect in a more realistic way the adequacy with respect to recommendations (22) . We assessed intakes from foods and supplements during the first trimester of pregnancy in a cohort of women in a Spanish Mediterranean area, and estimated the compliance with pregnancy-specific recommendations for food groups and nutrients.
Materials and methods
Population and study design INMA (Spanish acronym for Childhood and Environment) is a network of research groups in Spain that set up a collaborative mother and child cohort study in 2003 (23) . The present study was based on data from the INMA-Valencia birth cohort. The mother's recruitment and follow-up procedures have been described in detail elsewhere (23) . In brief, pregnant women from a welldefined geographic area in the Valencia province, who attended their first prenatal visit at La Fe Hospital between February 2004 and June 2005, were eligible if they fulfilled the inclusion criteria (23) . Pregnant women were identified at the hospital admission desk and were invited to participate by the team staff if they were at least 16 years old, had a singleton pregnancy, were between 10 and 13 weeks of gestation at enrolment, did not follow any programme of assisted reproduction for the current pregnancy, had no previous history of hypertension, had no communication handicap and planned to deliver at the reference hospital.
Eligible women who agreed to participate signed an informed consent form; 855 out of 1563 eligible women were included in the study (55 % participation rate). Participants were similar in educational level to nonparticipants but the former were slightly older and more likely to work at the time of the participation request.
Of the 855 included women, twenty-three had an abortion before their first appointment, four were lost to follow-up, one abandoned the study and five were excluded because their dietary information from food sources was missing. Finally, 822 women were included in the present analysis. The study protocol was approved by the Ethics Committee of La Fe Hospital.
Data collection and processing
Information on sociodemographic and lifestyle factors and maternal anthropometric variables was obtained from a questionnaire, administered by trained interviewers, in the first trimester of pregnancy (week 12 approximately) and from maternal medical records. The variables were: age at recruitment; country of origin; educational level (primary, 6-9 years of schooling; secondary, 10-14 years of schooling; university, $15 years of schooling); social class following a widespread Spanish classification (24) ; working status during the first trimester; smoking during the first trimester; pre-pregnancy BMI; parity; planned pregnancy; drug use; and self-reported vomiting during the first trimester.
Information on usual daily food and nutrient intakes during the first trimester of pregnancy was collected using an FFQ with 101 food items. The FFQ was an adapted version of Willett's questionnaire (25) developed and validated for use among adults living in Spain (26) , with satisfactory coefficients for validity and reproducibility (26, 27) . In our population of pregnant women we asked how often, on average, participants had consumed a particular amount of a specific type of food from the last menstrual period until the time of the interview (10-13 weeks). Standard units and serving sizes were specified for each food item. The questionnaire included nine possible answers to determine frequency of intake, ranging from 'never or less than once per month' to 'six or more times per day'. The response to each food item was converted to average daily intake for each participant. Nutrient values and total energy intake were obtained from the US Department of Agriculture food composition tables and other published sources (28, 29) . We calculated nutrient intakes by multiplying the frequency of consumption for each food item by the nutrient composition of the portion size specified on the FFQ and by addition across all foods to obtain total intake of each nutrient for each individual. Nutrient intakes were adjusted for total energy intake by calculating the residuals from a linear regression with the natural logarithm of the nutrient modelled as the dependent variable and the natural logarithm of total energy intake as the independent variable (25) . Information on supplement use was collected by asking women at their first visit (weeks 10-13) the question: 'In three months before becoming pregnant and until now, have you ever taken specific supplements or multivitamins?' Monthly intake of nutrients from supplements was estimated based on supplement brand name, composition, daily dose and timing of consumption.
From food sources, intakes of protein, carbohydrates, total fat, SFA, MUFA, PUFA, n-3 fatty acids, n-6 fatty acids, dietary fibre, vitamins A, D, E, C, B 12 , folic acid, Ca, Fe, iodine, Zn, Mg and energy were calculated. Dietary iodine intake was assessed taking into account iodized salt consumption.
From supplements, intakes of vitamins A, D, E, C, B 12 , folic acid, Ca, Fe, iodine and Zn were calculated using the mean intake of the first, second and third months to obtain the intake of the first trimester of pregnancy. In the case of folic acid, its intake was calculated in folate equivalents (1 mg dietary folate 5 0?6 mg of folic acid from supplements). Supplementary iodine intake in our cohort was mainly from multivitamins, so we decided to consider 'iodine users' those women who took at least 100 mg of iodine from multivitamins. Then, we added the nutrient intake from supplements to that previously obtained from diet alone, to obtain the intake 'from food and supplements'.
Lack of compliance with food-based dietary guidelines was assessed by calculating the proportion of women not reaching the minimum recommended daily number of servings of each food group according to the Spanish recommendations -those specific for pregnancy (30) . (31) and that of micronutrients using the Estimated Average Requirement (32) (33) (34) (35) (36) . We then estimated the percentage of the population whose intake was below the recommended values for micronutrients or outside the range established for macronutrients. These values correspond to the Dietary Reference Intakes established by the Institute of Medicine for the US population and assessment methods used in the present study were made following recommendations for evaluation of dietary adequacy in population groups (22, 37) .
Statistical analysis
Descriptive statistics of maternal characteristics and dietary variables are shown by means of percentages, means and standard deviations and percentiles. Differences in the intake of food groups according to sociodemographic characteristics were contrasted using the non-parametric Kruskal-Wallis test. Since the distribution of some macronutrients was right skewed, they were transformed by the natural logarithm in order to approximate normality. Subsequently, their intake according to sociodemographic characteristics was compared using ANOVA. When significant differences were found, Tukey's post hoc test was performed in order to detect paired differences between groups. Homogeneity of variances was assessed with Levene's test. Heteroscedasticity (P , 0?05 in Levene's test) was treated using the robust Welch statistic and Dunnett's D3 post hoc test. We verified the robustness of ANOVA to small deviations from normality: additional analysis with the Kruskal-Wallis test led to equivalent conclusions. Differences in intake inadequacy of food groups, macroand micronutrients according to maternal characteristics were assessed using the x 2 test. Statistical differences were determined by a level of significance P , 0?05 in all tests. Statistical analysis was carried out using the statistical software package SPSS version 15?0.
Results
The mean age of our study population was 29?8 years, with 53 % of the sample being $30 years of age (Table 1) .
Concerning educational level, 65 % of women completed at least secondary studies. Eighty-eight per cent of the women were born in Spain. About 95 % and 11 % of the mothers took folic acid and Fe supplements, respectively. At least 50 % of women consumed iodine through multivitamin supplements or ioidized salt in early pregnancy (Table 1) .
Food groups
For the whole population, median intakes (in servings/d) were within the range of recommendations for all food groups except for cereals and legumes, which was below the minimum recommended (Table 2) . Older women consumed a greater amount of vegetables (P , 0?001); more educated women had a lower intake from the meat group (P 5 0?016); and women of foreign origin had a higher intake of fruits compared with Spanish women (P 5 0?001).
When frequency of compliance with recommendations was assessed (Table 3) , overall, lack of compliance was very high for cereals (77 %), followed by dairy (52 %) and fruit and vegetables (about 47 %). Equal proportions of Spanish and Latin-American women did not meet guidelines for cereals intake (about 77 %); regarding vegetable consumption, significant differences were found by age only, with the highest percentage of women not meeting dietary guidelines being observed among those under 25 years (P , 0?001); approximately 50 % of Spanish women had a fruit intake below the minimum recommended and inadequacy was lower (about 34 %) for foreign-born women (P 5 0?016; Table 3 ).
Macronutrients
The distribution of macronutrient intakes for the whole sample is presented in Appendix 1.
Regarding differences in mean intakes by selected maternal characteristics (Table 4) , it was found that the intakes of protein and n-3 fatty acids increased, whereas intake of trans-fatty acids decreased, with older age (P , 0?001). Women with the lowest educational level had the lowest intakes of protein (P 5 0?002) and n-3 fatty acids (P 5 0?012) and the highest intake of trans-fatty acids (P 5 0?003) but also the highest consumption of fibre (P 5 0?048). Women of Spanish origin had the highest intakes of protein (P , 0?001), total fat (P , 0?001), SFA (P 5 0?008), MUFA (P , 0?001) and n-3 fatty acids (P , 0?001); Latin-American women had higher intake of carbohydrates (P , 0?001) and women from other origins, higher intake of trans-fatty acids (P 5 0?050; Table 4 ).
When the adequacy with respect to the Institute of Medicine's recommendations was assessed (Table 5) , it was found that about 57 % of women had an intake of carbohydrates under the recommended range. Virtually all women had protein intake which fell within recommendations. Total fat intake was too high (almost 71 % of women exceeded the recommendation). More than 50 % of women had deficient intakes of n-3 and n-6 fatty acids (Table 5) . Spanish women had the highest percentage of inadequacy for carbohydrates (61 % had low intakes, P , 0?001) and total fat (74 % exceeded the recommended consumption, P , 0?001). Latin-American women showed the highest percentages of inadequacy for n-3 fatty acids (almost 77 % of them were below the recommendation, P , 0?001). Additionally, younger (P , 0?001) and less educated women (P 5 0?048) showed the highest percentages of inadequacy for n-3 fatty acids because of low intake (Table 5 ).
Micronutrients
The distribution of micronutrient intakes (from food only and total intake -food plus supplements) for the whole sample is presented in Appendix 2. It is worthy to highlight a very high -sevenfold -increase in folate intake after including intake from supplements: 298 mg/d from food only v. 2112 mg/d from food plus supplements.
Regarding inadequacy, data obtained from food intake only, showed that the greatest percentages of inadequacy for the whole study population were observed -in Table 4 Intake *Variables were transformed by the natural logarithm before analysis. Geometric means and geometric standard deviations are presented.
-P value obtained using Welch's test.
descending order -for vitamin D, folate, Fe and vitamin E (Table 6 ). Virtually none of the women of our study reached the recommended intake for folate or vitamin D (under deficient sun exposure) and nearly 68 % of them did not comply with recommendations for Fe or vitamin E either. Intake inadequacy was significantly higher in younger women for vitamins A, C, E and Fe and Ca (P , 0?001, P 5 0?022, P 5 0?036, P 5 0?040 and P 5 0?031, respectively). With regard to educational level, the overall pattern was a decrease in inadequacy as level of studies increased. Nevertheless, this relationship was significant for vitamin A (P 5 0?003) and Fe (P , 0?001) only (Table 6) . Although Latin-American women had a lowest proportion of inadequacy for all nutrients except for Fe and folate, the differences found according to women's country of origin were not statistically significant.
When the addition of supplements to dietary consumption was assessed (Table 6) , an important reduction in inappropriate intake was observed for all the nutrients examined, especially for folate. None the less, inadequacy remained high for vitamin E, Fe and vitamin D (40?8 %, 50?9 % and 88?1 %, respectively). Differences regarding maternal characteristics followed a similar pattern to that found for intake from food only, except that according to women's country of origin, foreign-born women showed higher inadequacy for folic acid than Spain-born women (about 26 % v. 12 %; P , 0?001). Regarding vitamin D and Ca intakes, there was a trend showing that inadequacy did not change in non-Latin-American foreign women after intake from supplements was considered.
Discussion
Pregnant women in our study did not reach the recommendations established for this life stage for some food groups, macro-and micronutrients. A very high percentage of women were found to have an intake of cereals and legumes, and to a lesser extent, of fruit and vegetables, below the recommendations. Composition of the diet regarding macronutrients was not adequate, according to recommendations. More than 50 % of women had insufficient intakes of carbohydrates, n-3 and n-6 fatty acids and about 70 % exceeded the recommendations for total fat. The greatest deficiencies in micronutrient intakes were found for vitamin D, folate and Fe. Supplementation reduced the frequency of intake inadequacy, but not in a substantial way for vitamin D, Fe and vitamin E. It was also found that dietary intake varied significantly according to sociodemographic characteristics such as age, education and country of origin.
Intakes by food group Ferrer et al. performed a cross-sectional study in pregnant women in a Spanish Mediterranean island (20) , finding intakes of cereals, legumes and vegetables below the recommendations, which coincides with our results. Nevertheless, the consumption of fruit and vegetables found in our study is more adequate than that seen in non-Mediterranean settings (15) . Taking into account sociodemographic characteristics, we found that older women consumed a greater amount of vegetables. Studies in other industrialized settings (15, 38, 39) have found the same association. Nevertheless, no differences according to educational level were found for fruit and vegetable intakes in our study. This evidence differs from studies in non-Mediterranean settings in which higher education was related to higher vegetable intake (15, 38, 40) . In agreement with our findings, Ferrer et al. did not find significant differences in fruit or vegetable intake by educational level (20) . Furthermore, there is evidence that in Southern European countries, fruit and vegetable consumption is common due to cultural and economic reasons and not determined by occupation or education (40) (41) (42) . Country of origin was found to be related to fruit intake. In Spain only one study, to our knowledge, has included foreign-born pregnant women when examining dietary intake and found no differences in food consumption (20) . One study in the USA comparing the diet of Mexican immigrants with that of Mexican-Americans found that Mexico-born women consumed significantly more fruits, grains and dairy products than US-born women (43) , partially coinciding with our results.
Macronutrient intakes
Other studies set in Spain and in Portugal also revealed a diet with an excessive content of total fat and a poor intake of carbohydrates (17, 44, 45) . None of these studies assessed macronutrient intake by sociodemographic characteristics. Seventy-four per cent of Spanish women in the present study had an excessive total fat intake; it is important to note, however, that it came mainly from MUFA. Nevertheless, SFA intake was also high. LatinAmerican, younger and less educated women were found to have the highest percentages of inadequacy for n-3 fatty acids because of low intake. Regarding carbohydrates, Spanish women showed the highest percentage of inadequacy because of low intake. Evidence suggests that the quality of lipids and carbohydrates during pregnancy is important. Excessive consumption of saturated fat and low n-3 fatty acid intake, as well as high intakes of sugar and lower intakes of starchy food, have been related to adverse maternal and infant health outcomes (46) (47) (48) (49) . Thus, pregnant women in the studied area should be advised to reduce their fat intake, especially from saturated fats (reducing the consumption of foods such as red and processed meats), and increase their consumption of n-3 fatty acids (raise their consumption of fish other than red tuna or swordfish, and also that of walnuts and leafy vegetables) as well as their intake of starchy carbohydrates from sources such as cereals and legumes.
Micronutrient intakes
The mean vitamin D intake from food found in the present study was lower than that reported in other studies including Nordic or Mediterranean pregnant women (15, 17, 19, 21) . In our population, virtually all women had inadequate intakes of vitamin D according to the Institute of Medicine reference values. When taking into account total intake (food plus supplements), the percentage of inadequacy observed was still elevated, and higher than that reported in studies among Nordic pregnant women (15, 21) . None the less, it is important to consider that the Estimated Average Requirement established for vitamin D is based on an assumption of minimal or no sun exposure. In the Valencia region, sun exposure might be relatively high all year round, so it is likely that the inadequacy is lower than that estimated in the present study. Yet, women should be encouraged to consume foods rich in vitamin D such as dairy products, enriched breakfast cereals and types of fish recommended for pregnancy. Dietary deficiencies of other important nutrients such as folate, Fe and vitamin E, as found in the present study, are not uncommon in industrialized countries (12, 16, 17, 36, 41, 50) . The fact that a high percentage of women consumed low amounts of folate sources such as cereals, vegetables and fruit partly explains our results. Supplementation greatly reduced deficient intakes for folic acid; however, it increased mean intake in a disproportionate way, which might lead to an important proportion of women taking daily doses exceeding the safety limits as shown in a previous study within this cohort (51) . Considering sociodemographic characteristics, younger, less educated and foreign-born women showed the greatest percentage of inadequacy for folate after intake from supplements was considered. As fruit and vegetables are widely available in Mediterranean settings and not related to socio-economic status, strategies at the population level should be established to promote a higher consumption. Besides, the appropriateness in the use of folic acid supplements in the periconceptional period and during pregnancy as well as the causes of differences found by maternal characteristics should be assessed as part of public health policies.
The small reduction in inadequacy for Fe found after considering supplements consumption is likely to be due to the current recommendations in Spain of starting supplementation in the second half of pregnancy (50) . Nevertheless, it is important to consider that, even in developed countries, some women might start pregnancy with deficient Fe status (52) , which is a strong predictor of maternal and infant adverse outcomes (53, 54) . Other studies in Mediterranean areas have found mean intakes and/or percentages of inadequacy for vitamin E from food similar to those shown here (17) (18) (19) , which makes evident the need to promote a higher consumption of vitamin-E-rich foods other than olive oil, of which intake is already high. Such foods include nuts and seeds. Vitamin E might protect against maternal and childhood illnesses such as pre-eclampsia or asthma (8, 55) . Iodine intake from different sources (foods, iodized salt and supplements) has already been described in our pregnant population (56) , as has its effect on maternal thyroid function (57) and infant neurodevelopment (58) . In summary, inadequate intake of iodine was very low in women who consumed either iodized salt or iodine supplements; however, a high iodine intake from supplements was associated with both maternal thyroid dysfunction and decreased psychomotor scores in infants at the age of 1 year. These findings suggest the need to further evaluate the safety and effectiveness of iodine supplementation during pregnancy in iodine-sufficient or mildly deficient populations.
The differences in dietary intake and adequacy found according to the maternal characteristics studied reveal the influence of socio-economic and cultural factors. There is evidence that populations are less likely to meet dietary guidelines if food plans are not socially or culturally accepted (59) . Consumption at population level depends also on food supply and availability (60) . Therefore, public policies aiming to reduce food-related diseases should take into account these issues.
The present study has some limitations such as the moderate participation rate, which could make the generalization of our results difficult; however, when sociodemographic characteristics of participants and nonparticipants were assessed, no significant differences were found, except for the fact that participants were slightly older and more likely to work at the time of enrolment. As older age was related to better adequacy with respect to recommendations, one could expect that in the general population the inadequacy will, if anything, be slightly higher than that found here. Regarding the validity of dietary intake estimates, the validity and reproducibility of a similar version of the FFQ were satisfactory when comparing the FFQ with four 1-week dietary records in an adult population of the same region.
Conclusions and implications for public health
An important percentage of women in the studied area did not meet the guidelines for certain food groups and were also found to have inadequate intakes of several nutrients which are relevant during pregnancy. Age, education and country of origin seem to be variables strongly related to dietary intake and adequacy.
A nutrient-rich and balanced diet is necessary and must be promoted in women of childbearing age before pregnancy, to avoid the risk of deficient intake until women know they are pregnant or their first antenatal visit takes place. In the light of the situation observed in the present study, policies to improve supplementation schemes based on the nutritional status of pregnant women are needed in order to reduce the likelihood of both deficient and excessive intakes and the resulting potential risks for health. Monitoring the nutritional status of pregnant women is important and a good start point. However, based on these findings, and acknowledging that people's food consumption is conditioned to a certain extent by factors different from individual choices, it would be also necessary to implement intervention programmes that take into account social and cultural contexts and guarantee a healthier food environment. revision of the manuscript. Acknowledgements: The authors would particularly like to thank all participants for their generous collaboration; Amparo Cases and Amparo Quiles for their support with the fieldwork and the collection of nutritional data; and Daniel Giménez and Manoli Garcia for their assistance with the nutritional data. A full list of the INMA Project researches can be found at http://www.proyectoinma.org.
